Introduction
Brain arteriovenous malformations (AVM) harbor associated aneurysms arising from feeding arteries in approximately 10-30% of cases [1, 2] . Redekop et al. classified AVM-associated arterial aneurysms (AAA), according to their location, as intranidal (type I), proximal flowrelated (type IIa), distal flow-related (type IIb), and unrelated (type III) [1] . Flow-related, or prenidal, AAAs more frequently arise proximally on the feeding artery than distally, and these proximal locations include the supraclinoid internal carotid artery, circle of Willis, anterior cerebral artery up to the anterior communicating artery, middle cerebral artery (MCA) up to its bifurcation, and vertebrobasilar trunk [1, 2] . Proximal prenidal AAAs may be located distant to the AVM, such that dissection of the nidus does not expose the AAA. Therefore, these uncommon lesions pose unique challenges to the cerebrovascular surgeon. In this technical note, we describe the concurrent surgical treatment of a distal Sylvian AVM with two proximal prenidal AAAs arising in the vicinity of the MCA bifurcation. A 77-year-old male presented with seizures, and noninvasive neuroimaging showed an unruptured vascular malformation. Preoperative catheter cerebral angiography showed a rightsided, Spetzler-Martin grade I AVM located in the distal Sylvian fissure. The AVM was supplied by distal branches of the MCA, and drained both anteriorly through the Sylvian vein and posteriorly through the vein of Labbe. At the junction of the two draining veins, there was a venous varix. There were also two prenidal AAAs arising proximally from the inferior M2 trunk, immediately distal to the MCA bifurcation, with the larger of two AAAs located closer to the bifurcation. After discussing the management options with the patient, he elected to undergo concurrent surgical treatment of both the Sylvian AVM and MCA AAAs.
Technical Report
The patient was positioned in a standard fashion for a right-sided pterional craniotomy, as previously described [3] , except with slightly less neck extension and more contralateral head rotation to the left (approximately 60 degrees), so that the distal Sylvian AVM and proximal prenidal MCA AAAs could be accessed through the same craniotomy. We performed a large, right-sided frontotemporal craniotomy which incorporated the lesser wing of the sphenoid anteriorly. The lesser wing of the sphenoid was flattened with rongeurs and a high-speed drill prior to dural opening, in order to facilitate subsequent dissection of the proximal Sylvian fissure.
Upon dural opening, the AVM's venous varix was immediately noted at the distal end of the Sylvian fissure. Since the varix was overlying the AVM nidus, we initially performed a subarachnoid dissection of the distal Sylvian fissure around the two superficial draining veins and varix. As we circumferentially dissected the AVM's superficial venous components, elevation of the varix revealed the underlying nidus. Using standard microsurgical technique, we sequentially dissected, coagulated and sharply divided the arterial feeders while preserving the two primary draining veins. Upon adequate devascularization of the nidus, the anterior vein draining into the Sylvian vein was coagulated and divided, which allowed posterior and inferior mobilization of the nidus. Lastly, the posterior vein draining into the vein of Labbe, which was the final vessel tethering the nidus, was ligated. This allowed completion of the AVM resection.
After extirpation of the AVM, we then turned our attention to the MCA AAAs. Since dissection of the AVM had already released cerebrospinal fluid (CSF) from, and hence deflated, the Sylvian fissure, a subfrontal retractor was placed. This maneuver provided gentle tension on the proximal Sylvian fissure and stretched its superficial arachnoid bands taut, which facilitated subsequent dissection. Once the superficial arachnoid of the Sylvian fissure was opened sharply, the fissure was split in an inside-to-out direction. Dissection of the deep portion of the Sylvian fissure exposed the MCA M1 segment, which was followed distally by the MCA bifurcation and both M2 trunks. Both AAAs arose from the inferior M2 trunk, and their anatomy was exposed using standard microsurgical technique. The larger, more proximal M2 AAA had an atherosclerotic neck, so it was under-clipped with a J-shaped aneurysm clip. Finally, the smaller, more distal M2 AAA was clipped with a straight mini-clip.
Intraoperative indocyanine green (ICG) video angiography showed normal filling of both M2 trunks, as well as occlusion of both AAAs. Postoperative angiogram showed complete obliteration of AVM and occlusion of both MCA AAAs. The patient had an uncomplicated postoperative course, and was discharged home on postoperative day 7 without focal neurological deficits.
Discussion
In light of the recent findings from A Randomized Trial of Unruptured Brain AVMs and the Scottish Audit of Intracranial Vascular Malformations prospective AVM cohort study [4, 5] , the management of unruptured AVMs, particularly with regard to the benefit of intervention, has become highly controversial [4] [5] [6] [7] [8] [9] [10] [11] [12] . Although conservative management was considered in our patient, due to his old age and lack of prior AVM hemorrhage, we ultimately decided to offer intervention based on two factors: (1) the presence of an AAA has been shown to increase an AVM's hemorrhage risk [1, 13, 14] , and (2) the patient presented with AVM-associated seizures, which can be ameliorated or abolished upon nidal obliteration [15] [16] [17] [18] [19] [20] . Targeting the AVM with stereotactic radiosurgery would have been a reasonable treatment option [2, 6-8, 10, 15-17, 19 ]. However, due to the wide-necked morphology of the two AAAs, we did not believe they could be embolized without stent assistance, which would have necessitated dual antiplatelet therapy in a patient with a patent AVM. After discussing the risks and benefits of conservative management, nonsurgical intervention, and surgical treatment, the patient opted to proceed with surgery.
We present a unique case of a distal Sylvian AVM with two proximal prenidal AAAs arising from the inferior M2 trunk. In the following, we will seek to delineate the following technical nuances: (1) order of AVM and AAA treatment, (2) Sylvian fissure dissection, (3) AVM resection, and (4) AAA clipping. While AAAs are always related to the feeding arteries of the nidus, in the present case, the AVM's venous drainage affected the approach to the AAA. That is, the Sylvian vein comprised the anterior component of the nidal venous drainage, and dissection of the Sylvian fissure deep to this vein was necessary to expose the two AAAs. Therefore, while the AAAs could have been treated first, injury to the arterialized Sylvian vein draining the AVM would have resulted in considerable bleeding. Furthermore, inadvertent occlusion of the Sylvian vein during Sylvian fissure dissection, prior to AVM resection, would have increased the intranidal pressure and potentially caused an intraoperative rupture of the AVM before adequate dissection of the nidus and control of its arterial feeders.
Thorough dissection of the Sylvian fissure was crucial to minimizing pial transgression and parenchymal injury during exposure of both the AVM and AAAs. We utilize the "inside-out" technique of Sylvian fissure dissection when feasible, which has been endorsed and described in detail by numerous experienced cerebrovascular surgeons [3] . In brief, upon initial opening of the superficial Sylvian arachnoid, one first follows a distal MCA branch into the Sylvian cistern, and then retracts, thereby applying tension on the remainder of the superficial Sylvian arachnoid from deep within the fissure. From inside the Sylvian cistern, the stretched superficial arachnoid of the distal and proximal portions of the Sylvian fissure appears like a canopy, which can then readily be opened with sharp dissection.
Resection of the AVM in our case was fairly routine, except that one had to be prepared to circumdissect and mobilize the venous varix in order to expose the underlying nidus. In the process of dissecting the arachnoid surrounding the varix, it was critically important to preserve the venous outflow of the nidus until it could be thoroughly devascularized. Additionally, any en passage arteries within the distal Sylvian fissure had to be protected, in order to avoid collateral damage to normal cortex. With respect to the AAAs, we noted significant atherosclerosis within the neck of the larger aneurysm, and therefore decided to under-clip this one. For atherosclerotic aneurysms, attaining what appears externally to be the ideal clip placement can, in fact, internally push atheroma into the parent vessel, causing flowlimiting stenosis, parenchymal ischemia, and thromboembolic complications. Under-clipping, as was employed in our case, preserved normal flow through the parent M2 trunk while completely occluding the AAA, as evidenced by both intraoperative ICG and postoperative catheter angiography.
Conclusions
Only a minority of AVMs harbor AAAs, and these uncommon cases can present unusual technical challenges to the cerebrovascular surgeon, particularly when the AVM and AAA are anatomically distant, such that both lesions cannot be exposed with the same microsurgical dissection. We critically assess the technical nuances of resecting a distal Sylvian AVM and clipping two proximal prenidal AAAs arising from the MCA inferior M2 trunk, with a focus on the order of lesion treatment, as well as dissection of the Sylvian fissure, AVM, and AAAs. Patient, AVM, and AAA factors must be considered in the management of AVMs with AAAs. For appropriately selected AVMs with AAAs, surgical intervention can concurrently afford nidal obliteration and aneurysm occlusion in the same procedure.
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